Objective: This study compared 4-year changes in daily energy density (ED; kcal/g) in children born at different risk for obesity, characterized the stability of ED and examined associations between ED and child body composition. Design: Prospective cohort study to measure habitual dietary ED of children who are born at different risk for obesity. Subjects: Children who were born at high risk (n ¼ 22) or low risk (n ¼ 27) for obesity based on maternal pre-pregnancy weight. Measurements: Three-day food records were collected from children's mothers at child ages 3, 4, 5 and 6 years. Three categories of ED were computed (food only, food and milk, and food and all beverages) and body composition assessed at each year. Results: The mean (7s.e.m.) ED increased over time across all children (linear trend: Po0.003): 2.1870.07 to 2.3270.06 kcal/ g (food only); 1.6670.07 to 1.8270.06 kcal/g (food and milk); and 1.2470.04 to 1.3770.05 kcal/g (food and all beverages). Intraindividual coefficients of variation were smaller than those previously reported for adults. Weight indices were not correlated with dietary ED (P40.05). Conclusion: Dietary ED increased in young children, irrespective of their predisposition to obesity, between the ages of 3 and 6 years. The genes that promote childhood obesity may not exert their influence through dietary ED, which may be more strongly influenced by environmental factors.
Introduction
The energy density (ED; kcal/g) of foods has been identified as an important determinant of short-term energy intake in adults. Laboratory studies [1] [2] [3] [4] [5] that examined the effects of ED on short-term energy intake (i.e., within a meal or over the course of a day) found that increasing the ED of meal(s) significantly increased energy intake at a single meal as well as daily energy intake. This finding was independent of the macronutrient composition and palatability of the experimental foods served. Laboratory research on ED with children primarily assessed their ability to compensate for energy at test meals after consuming a fixed amount of food or beverage (i.e., preload) that varied in ED and/or macronutrient composition. [6] [7] [8] [9] [10] [11] These studies generally found that young children compensate for calories consumed from a preload; their compensation, however, was often incomplete and showed considerable interindividual variability. Most research on the effects of ED on intake was conducted under controlled laboratory conditions; relatively few studies characterized the ED of the self-selected diets of adults [12] [13] [14] [15] 17 or children 14, 16 consuming meals ad libitum in the free-living environment. Two prior crosssectional studies characterized changes in self-selected dietary ED across the lifespan. 14, 16 These studies showed that children exhibit a high preference for energy-dense foods, which has been proposed to be one mechanism that fosters growth and development. The ED of self-selected diets reached its peak during later childhood and adolescence (age 12-14 years), and then gradually declined during adulthood. 16 One of the difficulties in interpreting and comparing results from these studies has been the use of different methods to compute the ED of freely selected diets. For instance, beverages have a much lower ED than most foods and therefore disproportionately influence ED values when included in the computation. Despite this knowledge, there is currently no consensus on how to treat beverages when computing dietary ED. It has been only recently that more specific calculation methods have been proposed. 17 No prospective study has assessed developmental changes in self-selected dietary ED, while also taking into account familial predisposition to obesity or children's weight status. If obesity-promoting genes exert their influence through dietary ED, children born at high risk for obesity would be expected to self-select a diet that is higher in ED compared with children born at low risk for obesity.
The purpose of this study was to assess this expectation by characterizing the 4-year developmental trajectories in dietary ED across child ages 3-6 years in a cohort of children born at either high or low risk for obesity based on maternal pre-pregnancy body mass index (BMI; kg/m 2 ). This age range corresponds to the developmental period of 'adiposity rebound,' a debated but potentially critical period in childhood for obesity onset. 18, 19 We tested whether changes over time in dietary ED differed for the two risk groups. The second aim of the study was to characterize the short-term (i.e., 2-3 days) stability of dietary ED (with and without beverages) in high-and low-risk children. The recent publication of similar data in adults 17 provided the impetus to compare day-to-day variability in ED between adult and pediatric populations. The third aim of the study was to examine the relationship between dietary ED and measures of children's weight status (BMI z-score, percent body fat and waist circumference). We predicted that (a) the ED of children's freely selected diets would increase over time; (b) children who were born at high risk for obesity would self-select a diet that was higher in ED compared with children who were born at low risk for obesity; and (c) dietary ED would likely be positively associated with children's weight and adiposity.
Subjects and methods

Subjects
Families in this report were participants in an ongoing longitudinal investigation designed to examine the growth and development in children born at high or at low risk for obesity. Children's risk status for obesity was based on maternal pre-pregnancy BMI (kg/m 2 ) with mothers of the high-risk children ( Children were enrolled in the study at the age of 3 months and have been followed in their growth and development annually. All children in this study were Caucasian. Further details of parental characteristics and study design were reported previously. [20] [21] [22] [23] [24] The present analyses were based on a sub-sample of this cohort for whom food records were available for the years of interest. Computation of daily ED and energy intake from food records The ED of the children's diet was computed by dividing the total daily energy intake for each day by the total daily weight (g) of food (and beverages) consumed for each day.
The following three distinct categories of ED were computed for each person based on the inclusion or exclusion of specific beverages: (1) ED of foods only; (2) ED of food and milk; and (3) ED of food and all caloric beverages. Hence, before generating the ED for categories 1 (food only) and 2 (food and milk), the energy content and the weight (g) of either all beverages or all beverages other than milk, respectively, were subtracted from the individual food
Dietary ED increases during early childhood TVE Kral et al records. ED values from 2-and 3-day food records were subsequently averaged to derive a mean dietary ED value for each subject at each time point for each ED category. Daily energy intake was derived from the food records by excluding all beverages (food only) or including milk (food and milk) or all beverages (food and all beverages). Energy intake values were subsequently averaged to derive a mean daily energy intake for each subject at each time point for each food/beverage category.
Statistical analyses
Descriptive statistics are presented as means7s.e.m. To test research aim 1, a 2 (risk group) Â 4 (age) repeated measures analysis of variance (ANOVA) using a mixed linear model tested for changes in daily ED as a function of risk group and child age. Risk group was a betweensubjects variable with two levels (i.e., high-risk versus low-risk), and child age was a within-subjects variable with four levels (i.e., 3, 4, 5 and 6 years). The model used restricted maximum likelihood estimates and a compound symmetry error structure because of the repeated-measures structure of the data. Contrast statements were used to test for potential linear effects of time across all 4 years of age. A similar set of 2 Â 4 ANOVA models was also conducted to test for changes in daily energy intake (food only, food and milk, food and all beverages) as a function of risk group and child age.
To test study aim 2, the day-to-day variability of selfselected dietary ED, intraindividual (within person) coefficients of variation (CV) were computed for each ED category at each year. The CV of dietary ED expresses the standard deviation (s.d.) as a percentage of the mean value of daily ED (CV ¼ s.d. ED /|mean ED | Â 100). A 2 (risk group) Â 4 (age) repeated measures ANOVA using a mixed linear model was carried out to test for changes in day-to-day variability of dietary ED (all categories) as a function of risk group and age.
To test study aim 3, a Pearson correlation analysis was carried out in which dietary ED (all categories) was correlated with child BMI, waist circumference and total body fat at ages 3, 4, 5 and 6 years, respectively. We identified five children (i.e., three high-risk and two low-risk) who at various time points qualified as statistical outliers, per Tukey's criteria, 26 with regard to weight-related measures (i.e., BMI z-score, total body fat and waist circumference) within their respective risk group. We carried out the correlation analysis with and without these subjects, and comment in the Results section on how the outcomes changed. Data were analyzed using SPSS software (version 12.0; SPSS Inc., Chicago, IL, USA) and SAS software (version 9.1; SAS Institute, Cary, NC, USA). When testing each study aim, separate analyses were conducted for each of the three ED categories. P-values of less than 0.05 were considered statistically significant.
Results
Subject characteristics
Subject characteristics are presented in Table 1 . The number of high-risk and low-risk subjects that were included in the analyses were 22 high-risk (12 male, 10 female subjects) and 23 low-risk (13 male, 10 female subjects) at year 3, 21 highrisk (nine male, 12 female subjects) and 27 low-risk (14 male, 13 female subjects) at year 4, 19 high-risk (10 male, nine female subjects) and 23 low-risk (11 male, 12 female subjects) at year 5, and 20 high-risk (11 male, nine female subjects) and 22 low-risk (eight male, 14 female subjects) at year 6, respectively. High-risk children had a significantly higher waist circumference than low-risk children at age 6 (P ¼ 0.03).
Trajectories of daily dietary ED
Mean daily dietary ED values at child ages 3, 4, 5 and 6 years are presented by risk group in Table 2 . For the 2 Â 4 ANOVA 
Trajectories of daily energy intake
Mean daily energy intake values at child ages 3, 4, 5 and 6 years are presented by risk group in Table 3 . The 2 Â 4 ANOVA for energy intake (food only) indicated a significant risk group by time (P ¼ 0.02) and linear risk group by time (P ¼ 0.002) interaction. A pairwise follow-up comparison showed that the mean daily energy intake (food only) was significantly greater among the high-risk children than the low-risk children at age 6 years (P ¼ 0.03).
The 2 Â 4 ANOVA for energy intake (food and milk) indicated a significant risk group by time (P ¼ 0.03) and linear risk group by time (P ¼ 0.003) interaction. A pairwise follow-up comparison showed that the mean daily energy intake (food and milk) was significantly greater among the high-risk children than the low-risk children at age 6 years (P ¼ 0.02).
The 2 Â 4 ANOVA for energy intake (food and all beverages) indicated a significant main and linear effect of time (Po0.0001) but no significant risk group by time interaction (P ¼ 0.19). Table 4 depicts the intraindividual CV for each ED category for each obesity risk group at years 3, 4, 5 and 6, respectively. For the 2 Â 4 ANOVA of the CVs of ED (food only), there was no linear effect of time (P ¼ 0. 19) , no main effect of obesity risk group (P ¼ 0.64) or obesity risk group by time interaction (P ¼ 0.75). For the 2 Â 4 ANOVA of the CVs of ED (food and milk), there was no linear effect of time (P ¼ 0.14), no main effect of obesity risk group (P ¼ 0.62) or obesity risk group by time interaction (P ¼ 0.86). For the 2 Â 4 ANOVA of the CVs of ED (food and all beverages), there was no linear effect of time (P ¼ 0.41), no main effect of obesity risk group (P ¼ 0.49) or obesity risk group by time interaction (P ¼ 0.84).
Day-to-day variability of dietary ED
Daily dietary ED and weight-related measures
With the outliers removed, BMI z-score, waist circumference, total body fat were not significantly correlated with dietary ED (all categories) (P40.05 across analyses). Pearson correlation coefficients for the various correlations between dietary ED and weight-related outcomes are depicted in Table 5 . There was a significant (linear) risk group by time interaction for daily energy intake including food only and food and milk (Po0.03) and a significant main and linear effect of time for daily energy intake including food and all beverages (Po0.0001). Means in the same column with different superscript letters (a,b) are significantly different between risk groups Po0.05. 
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When the data were re-analyzed including the outliers, results changed only in one group, the low-risk subjects at year 5. Those, which became significant were confined to the associations between ED (food and milk; food and all beverages) and waist circumference (r ¼ 0.54, P ¼ 0.01; r ¼ 0.45, P ¼ 0.03) and ED (food and milk; food and all beverages) and total body fat (r ¼ 0.64, P ¼ 0.01; r ¼ 0.73, P ¼ 0.0001). None of the other results changed when removing the outliers.
Discussion
The main finding of this study was that the ED of children's self-selected diet increased over time but did not differ between children, ages 3-6 years, as a function of their predisposition to obesity based upon maternal pre-pregnancy BMI. The developmental increase in dietary ED agrees with previous findings from two cross-sectional studies. 14, 16 To our knowledge, these are the first longitudinal data with children born at different risk of obesity to document this phenomenon. This increase in dietary ED may foster normal patterns growth and development in children. Previous cross-sectional data suggested that ED from freely selected diets reaches its peak during adolescence and then declines during adulthood. 16 A comparison of the present findings with those of the study by Ledikwe et al. 17 reveals that children in our cohort consumed a diet that was considerably higher in ED than that of adults in their national sample. The mean ED for adults419 years old for the categories ED (food only), ED (food and milk) and ED (food and all beverages) were 1.85, 1.68 and 0.94 kcal/g, respectively. The ED of children, ages 3-6 years, in our study ranged from 2.18 to 2.32 kcal/g for ED (food only), from 1.66 to 1.82 kcal/g for ED (food and milk) and from 1.24 to 1.37 kcal/g for ED (food and all beverages). Regardless of whether beverages were included or excluded in the computation of ED in both studies, children in this cohort were reported to consume a diet that was considerably higher in ED compared with that of adults from a nationally representative sample. Another important finding of this study was that the predisposition to obesity in young children had no observed effect on children's dietary ED. This finding is novel and extends previous laboratory-based research in which the array of foods to which children had access was limited and obesity predisposition was not studied. Identifying eating traits that differentiate children born at different risk for obesity is an established approach for identifying behavioral phenotypes. 27, 28 The finding that under free-living conditions dietary ED did not differ between children born at different risk for obesity suggests that dietary ED may be a dietary trait that is more environmentally than genetically influenced. There is evidence that the food environment that parents create in the home shapes children's food preferences and food acceptance patterns. 29 It is of interest for future investigations to further characterize the home food environment of the children. Previous studies 30, 31 have
shown that environmental factors such as availability and exposure to foods can affect children's food selections and intake.
The lack of a difference in dietary ED between obesity risk groups may be explained in several ways. For one, it is possible that at a young age (i.e., 3-6 years) high-risk and low-risk children were still served similar types of foods by their caretakers. In addition, young children may have an overall more limited exposure to different types and quantities of foods compared with older children and adolescents and thus can only choose from a more limited array of foods that are low and high in ED. It will be of interest to examine prospectively the dietary ED of children in our study as they become older. It is possible that differences in dietary ED start to emerge at an age when children have more access to a wider variety of foods both inside and outside the home.
Daily energy intake for food and food and milk consumption was significantly greater in high-risk than in low-risk children at age 6 years. The fact that dietary ED did not differ between the risk groups at that age suggests that children in Dietary ED increases during early childhood TVE Kral et al the two risk groups may have consumed differential amounts of food and/or milk at that age. Daily energy intake including food and all beverages, on the other hand, showed a significant main effect of time, but no difference in energy intake between risk groups at any time points. With groups combined, the day-to-day variability in ED (i.e., intraindividual CV) ranged from 17 to 20% ED (food only), 18 to 23% ED (food and milk) and 15 to 17% ED (food and all beverages) across the 4-year period. Compared with adults, for whom the intraindividual CV for all the respective ED categories was approximately 26%, 17 children showed a somewhat smaller day-to-day variability in dietary ED. Apparently young children show less variability than adults in their day-to-day food selections. This may be due to a more limited access to foods (i.e., mostly those provided in the home environment). In addition, food neophobia (i.e., hesitancy to try new foods) and pickiness (i.e., resistance to eat familiar foods), two traits which are developmentally appropriate for this age range, may contribute to a smaller variety of foods that children are willing to eat. 32 Children's food preferences at this age range are still developing so that a repeated exposure to foods may increase children's acceptance and liking for a broader range of foods over time.
In this study, dietary ED was not associated with children's weight status. There are currently no prospective investigations in children that have shown an association between these two variables. With respect to the current investigation, however, it should be noted that the sample size (n ¼ 49 children) might have been too small to detect significant associations between the two variables. Although laboratory and clinical studies that were conducted in adults showed a positive-association between dietary ED and weight gain, [33] [34] [35] data from cross-sectional epidemiological studies showed inconsistent results. 36 For example, a recent cross-sectional study in adults showed that normal-weight individuals had diets with a lower ED than did obese individuals. 37 Individuals with a high fruit and vegetable intake had the lowest ED values and the lowest obesity prevalence. More studies in children and adults need to investigate the relationship between dietary ED and body weight. As noted by Drewnowski et al. 36 '(y) there are no longitudinal cohort data to link dietary energy density with obesity risk or weight gain'. The strengths of this study include (a) the unique sample of children born at high risk and low risk of obesity who were prospectively studied, and (b) the use of scales to obtain more accurate weights of the foods and beverages that children consumed as opposed to visual estimates. There are several ways in which this study should be extended. First, it would be desirable to examine dietary ED in a larger cohort of children who are (a) ethnically diverse, and (b) show greater variability in their weight status than the children in this current cohort. Thus, the results from this study are limited to the relatively narrowly defined study sample, namely healthy, full-term, Caucasian children, and may not be generalizable to children as a whole. Second, it would be desirable to obtain intake data over a longer period of time to assess children's habitual diet. Third, the validity of the data may be increased by complementing self-reported food records or dietary recalls, which may be subject to measurement errors or underreporting by mothers, with measured intake data in the feeding laboratory. It furthermore may be of interest for future studies to examine physical activity behaviors among children, especially those who are at increased risk for obesity, 38 in relation to food selection and dietary ED. Lastly, the present design, unlike a classic twin design or other genetically sensitive design, could not formally test the respective influence of genetic and environmental influences on dietary ED.
In conclusion, these are the first prospective data to show that young children's habitual dietary ED increased over time and that dietary ED did not differ between children born at high risk versus low risk for obesity. This suggests that the genes that promote childhood obesity may not exert their influence through dietary ED, which may be more strongly influenced by environmental factors. Children in our study, regardless of their risk status, may have been exposed to similar foods during early childhood. The extent to which increases in dietary ED during early childhood and children's preferences for certain foods promotes healthy growth patterns remains to be investigated.
